Ab initio quantum chemistry calculations are performed for the mixed alkali triatomic system. Global minima of the ground and first excited doublet states of the trimer are found and Born-Oppenheimer potential energy surfaces of the Li atom interacting with the LiCs molecule were calculated for these states.
Introduction
There is a growing demand for data concerning heteronuclear alkali-metal dimers interacting with an alkali-metal atom. The investigations are carried out in the three main streams: the electronic structure properties, the dissociation or fragmentation processes and the association processes. The very extensive experimental and theoretical studies on the heteronuclear and homonuclear alkali trimers were given by the group of Ernst [1, 2, 3, 4, 5] , where alkali quartet trimers formed on helium nanodroplets are probed by one-color femtosecond photoionization spectroscopy. The observation of predissociation in the mixed alkali trimer clusters was reported by the experimental group of Wöste [6] . The same group presented the coherent control of alkali cluster fragmentation dynamics [7] . The polar dimer gas can be controlled in optical traps and eventually converted into the quantum degenerate ultracold dipolar gas [8] . Triatomic systems attract considerable attention in the context of experiments involving cold and ultracold molecules [9] . Efficient control of such three-body interactions requires detailed knowledge of low-lying interatomic potentials. Among other data, the potential energy surfaces (PESs) for a dimer interacting with an atom are of growing interest since they may help to describe elastic and inelastic atom-molecule collisions [10, 11] , particularly when experiments on magnetic tuning of Feshbach resonances [12, 13] and three-body recombination [14, 15] are considered.
In this paper, we study the interaction between the lithium atom and the lithium-caesium dimer. We also calculate the global minima of the ground (1 2 A ′ ) and first excited (2 2 A ′ ) doublet states of the Li 2 Cs trimer, as well as three-body nonadditive contribution for the minimum of the ground state.
Until now, this system was very scarcely studied. To the authors' knowledge the first study concerning this system was performed in 1982 by Richtsmeier et al. [16] , where energies of the optimized geometries for the linear LiCsLi in D ∞h
and CsLiLi in C ∞v symmetries, as well as nonlinear Li 2 Cs trimer in the C 2v symmetry were presented. This study was carried out by means of the diatomicsin-molecules (DIM) approximation and used empirically evaluated integrals. In turn,Żuchowski and Hutson [11] modeled the reactions involving pairs of the alkali metal dimers. Using the multireference average-quadratic coupled-cluster method (AQCC), they found the global minima of mixed alkali-metal trimers, including Li 2 Cs.
Computational method
In our calculations, Li + LiCs is considered as an effective three-electron system. Each n-electron atom is replaced by one valence electron and the effective core consisting of a nuclei and n-1 electrons. Since our theoretical approach has been already presented in a few earlier papers (e.g. [17, 18, 19, 20, 21] ), here we give only salient details concerning pseudopotentials and atomic basis sets which differ from those used in our earlier calculations involving lithium and caesium atoms [17, 22] . The calculations are based on the multireference singles and doubles configuration interaction with Davidson correction (MRCISD+Q) method with atomic effective core potentials and core-polarization potentials, which enables us to treat only three valence electrons explicitly. The full configuration interaction (FCI) method is used to account for the correlation missing in MRCI calculations. An augmented atomic orbital basis allows to obtain reliable Born-Oppenheimer (BO) adiabatic potentials of several molecular states.
All calculations of the BO adiabatic potential energy curves (PECs) and surfaces are performed by means of the MOLPRO program package [23, 24] .
The core electrons of the caesium atom are represented by the ECP54SDF pseudopotential [25] and core-polarization potential with the values of dipole polarizability and cut-off parameter taken as α D = 15.1 a In order to test the active space and amount of correlation energy that is missing in MRCISD+Q computations, we run FCI calculations, both for the atomization energy of the Li 2 Cs trimer and for minima. No difference between the MRCI and FCI results in the atomic limit was found, while the non-zero FCI corrections to atomization and dissociation energies are respectively specified in Tables 1 and 2 .
Following Soldan et al. [30] , we decompose the three-atom interaction potential at the minimum of the ground state into a sum of additive (V dimer ) and nonadditive (V 3 ) contributions. Such decomposition can be expressed as
To describe the potential energy surfaces of Li + LiCs system we introduce two geometries written in the Z-matrix coordinates. The first geometry starts from the linear LiCs-Li system, where potential energy surfaces are calculated as a function of two variables. The first of these variables is the distance R between the Li atom and the Cs atom of the LiCs dimer, while the second variable is the bond angle θ as is shown in Fig 1. Here, the Li atom approaches the Cs atom of the dimer. The second geometry, as shown in the geometric scheme in 
Results and discussion
Using the procedure described in the previous chapter we found the global minima of the ground and first excited doublet A ′ states of the Li 2 Cs trimer.
We also calculated the FCI correction to atomization energies. Our results, compared with those ofŻuchowski and Hutson [11] are shown in Table 1 . Within the accuracy of one significant digit (that is given in [11] ), our geometry of the ground state agrees perfectly with the recent study. The result of Richtsmeier et al. [16] seems to overestimate the Cs-Li bond length and underestimate the distance between lithium atoms. For the excited-state geometry, there is a difference between our andŻuchowski and Hutson [11] results. In the case of our computations, the structure is more compact. The Cs-Li distance is significantly smaller (by ∼ 0.25Å), while the Li-Li distance is nearly the same.
The atomization energies were calculated by separation of all atoms to the distances at which energy did not change. To confirm that the internuclear distances are large enough, we performed FCI computations, that yielded the same energy as MRCI. The value of the atomization energy (Table 1) for 1 2 A ′ state from our calculations is larger than the one from the most recent study [11] , but at the same time, it is smaller than the one from the earlier paper [16] . In the case of 2 2 A ′ state, our atomization energy is again larger in the comparison with value provided byŻuchowski and Hutson [11] , while this energy is not reported by Richtsmeier et al. [16] . These results are rather expected since the D e value for the LiCs dimer was already larger than in [11] and we have also used augmented basis sets. On the other hand, the earliest study [16] employed the diatomics-in-molecules technique with parameters derived from experiments on the homonuclear diatomic molecules, since at that time no adequate experimental data were available for heteronuclear diatomics. The The interatomic distances used in these calculations R(Cs-Li) and R(Li-Li) (see Table 1 ) yielded energies 6037 and 7779 cm −1 for LiCs and Li 2 , respectively.
Using equation (1), where r 12 = r 13 is the R(Cs-Li) and r 23 is R(Li-Li), we obtained the value of nonadditive contribution V 3 which equals -8462 cm −1 .
It turns out, that since this energy significantly contributes to the atomization energy of the trimer, the simple additive model, that neglects V 3 , is not suitable for the description of the ground doublet state of the considered trimer.
Calculated BO adiabatic potentials for different states of the Li atom inter- Table 2 . This is analogous to trimer behavior as shown in Table   1 . Additionally, the dissociation energies D e ( i.e. the two lowest lying potential energy surfaces. In our case, we find this conical intersection by setting the distance between the LiCs molecule and the approaching lithium atom to the value equal R e and finding the angle, for which such calculated potential energy curves cross. The CI determined in that way is visible in both geometries (both panels), as shown in article [32] and on the group's website [33] .
Conclusions
The results of the ab initio electronic structure calculations for the Li 
